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ABSTRACT: The application of the NMR-MOUSE® (Nuclear Magnetic Resonance Mobile Universal Sur-
face Explorer, registered trademark of RWTH Aachen University) for performance tests on concrete-coatings 
is studied. In combination with a special lift, measurement depths from 0 to 5 mm with a minimum step size 
of better than 10 μm are possible. The measurement is non-destructive, so that not only geometrical properties 
such as the thickness of different coating layers can be determined but also functional properties can be inves-
tigated like the ingress of water into the coating as well as ageing processes.
the material properties, and the adhesion between 
concrete and coating as well as between the differ-
ent layers. The thickness of the coating layers mainly 
affects the durability and properties like the crack 
bridging of the surface protection system.
Up to now no non-destructive test-methods exist 
to determine:
• the thickness of the surface protection system as 
well as the thickness of the different layers applied 
on concrete,
• the water ingress through the surface protection 
system,
• the drying process of the concrete after application 
of a surface protection system,
• changes of the material due to weathering,
• quality and conformity of the applied material.
It is shown below, that the NMR-MOUSE provides 
the potential to investigate these issues in a non-
destructive way.
2 NMR-TECHNIQUE
2.1 General
NMR is a method to interrogate molecular properties 
of matter by interrogating atomic nuclei with magne-
tic fields and radio-frequency irradiation. This method 
allows accurate determinations of the chemical struc-
tures, molecular order and dynamics, morphology of 
semicrystalline polymers, material heterogeneities, 
1 INTRODUCTION
Coatings on concrete are often used to slow down the 
moisture exchange of the material and to improve its 
durability by inhibiting the penetration of aggressive 
substances through the surface which could cause 
corrosion and reduce the material performance. Such 
concrete-coatings usually consist of different layers 
of polymers or cement bonded materials. Concerning 
the role of the layer composition, “surface protection 
systems” is a better name than “coatings”.
Up to now the use and application of surface protec-
tion systems in Germany were regulated in the guide-
line “protection and repair of concrete structures” 
published by the German Committee for Reinforced 
Concrete DAfStb (DAfStb 2001). As of recently, the 
European standard EN 1504-2 has been adopted in 
Germany by a DIN standard DIN V 18 026. In both 
cases surface protection systems are divided into 
ten different classes depending on the application. 
Table 1 describes the two classes on which this paper 
focuses.
To ensure the target functions of a surface protec-
tion system, the following aspects are important:
• thickness of coating layers,
• application of coating materials,
• consideration of environmental parameters like 
temperature, humidity and wind,
• preparation of the substrate.
The last three points affect the reactive hardening 
of the coating materials, which is directly linked to 
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and spatial structures in terms of magnetic resonance 
images (Blümich 2000).
Instead of using highly homogeneous magnetic 
fields as in conventional NMR spectroscopy, one can 
perform relaxation measurements in inhomogeneous 
fields. Such measurements are of great value in well 
logging (Freedman & Heaton 2004) and material sci-
ence (Blümich 2000, Blümich et al. 2003), and inho-
mogeneous magnetic fields can easily be realized 
by one-sided permanent magnets and surface coils. 
An NMR device of this kind is the NMR-MOUSE® 
(Eidmann et al. 1996) (Mobile Universal Surface 
Explorer, registered trademark of RWTH-Aachen).
2.2 NMR-MOUSE
The NMR-MOUSE is an open and portable sensor 
that can detect NMR signals from large samples 
external to the magnet, giving access to a variety of 
applications which cannot be tackled in closed mag-
net geometries. The profile NMR-MOUSE (Fig. 1) 
consists of four permanent magnet blocks positioned 
on an iron yoke. Two magnets are polarized along 
y, and two along –y, producing a magnetic field B
0
 
above the magnet parallel to the surface of the sensor. 
For analysis, a radio-frequency (rf) magnetic field B
1
 
is applied by means of a rectangular rf coil mounted 
in between the magnet blocks, which is perpendicu-
lar to B
0
. With this arrangement, an NMR signal can 
be collected from a thin and flat slice located at a 
fixed distance of 3 to 10 mm from the magnet surface 
(Perlo et al. 2005). The advantage of measuring NMR 
signals in the stray field of a magnet is that there are 
no restrictions to the sample size as for conventional 
NMR, where the sample has to fit inside a magnet. 
However, the sensitive volume is restricted to regions 
near to the surface of the object under examination 
(Eidmann et al. 1996).
With this profile NMR-MOUSE (Perlo et al. 2005), 
high resolution profiles can be recorded by placing 
the sensor on a stepper-motor driven, high-precision 
automatic lift which changes the distance between the 
sensor and the sample (Fig. 2). By varying this dis-
tance, the sensitive slice is shifted through the object, 
and depth profiles can be measured with a resolution 
better than 10 μm. The lateral dimensions of the sen-
sitive slice are 20 mm by 20 mm.
Non-invasive measurements with single-sided 
NMR have been explored during the last 10 years 
in a large number of applications (Blümich et al. 
Figure 1. The magnet geometry used to generate a highly 
flat sensitive volume in the stray field.
Figure 2. Schematic representation of the lift used to repo-
sition the sensitive slice across the sample. The sample is 
placed on the top plate, which is parallel to the mobile plate 
on which the sensor is mounted. The magnet surface, the 
rf coil that defines the sensor surface, as well as the rela-
tive position of the sensitive slice are identified. b) Set-up 
consisting of the NMR-MOUSE and the lift used for NMR 
measurements.
b) 
a) 
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2008, Perlo et al. 2005) such as well-logging (Klein-
berg 1996), moisture detection in composites (Prado 
2001), medical diagnostics (Haken & Blümich 2000), 
food science (Pedersen et al. 2003), conservation of 
cultural heritage (Blümich et al. 2003, Rühli et al. 
2007), and quality control (Matzkanin 1998).
The most important contrast parameters employed 
by the NMR-MOUSE are the signal amplitude cor-
responding to the proton density, and the transverse 
relaxation times T
2
 which relates to the molecular 
mobility and the effective self-diffusion coefficients 
of liquids within the sensitive volume. This informa-
tion is obtained using the Carr-Purcell-Meiboom-Gill 
(CPMG) pulse sequence (Figure 3). For the determi-
nation of the transverse relaxation times, the decay 
curve measured with the CPMG sequence is fitted 
with a biexponential function to determine the short 
and the long T
2
 relaxation times which are ascribed to 
the rigid and mobile phases of the investigated poly-
mer. The proton density is estimated from the integra-
tion of the signal corresponding to the first part of the 
CPMG decay (Figure 4).
Figure 3. CPMG pulse sequence and the NMR response in 
inhomogeneous fields.
Figure 4. Estimation of the proton density from the T
2
 
decay by integration of the first echoes.
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Table 1. Two classes of surface protection systems.
Class Short describtion Application
OS 5a Coating with minor
 crack-bridging 
 abilities, no
 accessible areas
Outdoor-weathered
 concrete with cracks
 at the surface, also
 in areas with salt mist
 (i.e. not trafficable
 faces, facades)
OS 11 Coating with high
 dynamical crack-
 bridging abilities, 
 accessible areas
Outdoor-weathered
 concrete with cracks
 and mechanical load, 
 also in areas with
 salt mist (i.e.
 weathered parking
 areas, parts of
 bridges)
Table 2. Composition of the investigated coatings.
Shortcut Base coat Inner layer Top layer
OS5a-2 Acrylate-
 dispersion
 (solid
 content: ∼18
 Vol.-%)
Acrylate-
 dispersion
 filled with 
 sand
Acrylate-
 dispersion
 (solid
 content:
 ∼53 Vol.-%)
OS5a-3 Polymer-
 cement-sand-
 composite
 (acrylic acid
 ester-
 copolymer)
2 layers of
 acrylate-
 dispersion
 (solid
 content:
 ∼55 Vol.-%)
OS5a-4 Copolymer-
 dispersion
 (solid 
 content:
 ∼23 Vol.-%)
– 2 layers of
 acrylate-
 dispersion
 (solid
 content:
 ∼55 Vol.-%)
OS11-3 Epoxy Poly-
ure-
thane
Poly-
ure-
thane 
with 
sand
Polyurethane
3 TEST PROGRAM
Two classes (OS5 and OS11, Table 1) of surface pro-
tection systems according to DAfStb (2001) applied 
to mortar specimens were investigated. Their com-
positons are specified in Tab. 2. The surface of the 
mortar specimens was 100 mm by 100 mm. From 
the systems OS5a-2 and OS5a-3 also films were 
tested.
The specimens treated with OS5a-2 and OS5a-3 
have been weathered for 3, 5 and 12 years at three 
different places (Raupach 2005):
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• the island of Sylt in the North Sea
• the city of Duisburg in the industrial Ruhr area of 
Germany
• the laboratory at ibac at 23°C and 95% relative 
humidity
The specimens treated with OS5a-4 and OS11-3 
were stored for one month at 23°C and 95% relative 
humidity before the tests started.
4 RESULTS
4.1 Thickness of the surface protection systems
Measurements of the proton density in steps of 50 μm 
allow conclusions about the composition and layer 
thickness of the surface protection system. Figure 5 
shows the sequence of layers of the coating OS5a-2 
from a microscopic view and Fig. 6 the corresponding 
proton density profile. The different coating layers 
can clearly be identified.
Figure 7 shows the sequence of layers of coat-
ing OS5a-3 from a microscopic view and Fig. 8 the 
corresponding proton density profile. The acrylate-
dispersion cannot clearly be differentiated in the pro-
file from the polymer-cement-sand-composite. This 
indicates that the polymer-content of the composite 
is relatively high.
Figure 9 shows the sequence of layers of the coat-
ing OS11-3 from a microscopic view and Fig. 10 the 
corresponding proton density profile. In this case a 
higher resolution of 10 μm was chosen to demon-
strate the capability of the NMR-MOUSE, but the 
same conclusion can be drawn from 50 μm resolution 
profiles. The amplitudes of the top polyurethane layer 
and at the inner layer show clear differences between 
the materials. At the surface a harder material is used 
to assure durability under mechanical load while the 
Figure 5. Cross-section of OS5a-2.
Figure 6. Proton density as function of depth through 
OS5a-2 (50 μm resolution).
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Figure 7. Cross-section of OS5a-3.
Figure 8. Proton density as function of the depth through 
OS5a-3 (50 μm resolution).
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inner polyurethane is softer for a high crack bridging. 
The same conclusion can be drawn by analyzing the 
transverse relaxation times (Fig. 11).
4.2 Water ingress
Figure 12 shows two decay curves of OS5a-4, meas-
ured inside the top layer. Water ingress after storage 
in water for 10 hours can be clearly detected. The 
water could only pass the OS5a-4 system because 
the four sides of the mortar were coated with epoxy 
resin.
Storage in water leads to a softening of the disper-
sion, which is noted by a lengthening of the transverse 
relaxation time (black curve in Fig. 10).
4.3 Material changes due to weathering
Up to now degradation of concrete-coatings due to 
weathering could only be tested by destructive testing 
of the whole surface protection without discrimina-
tion of individual processes in different layers. For 
example, irradiation of the OS11 system with UV-light 
can destroy the top layer which is unlikely to influ-
ence the crack bridging behavior. The NMR-MOUSE 
provides a method to detect changes due to weather-
ing at an early stage inside the different layers.
Figure 13 shows material changes of the inner 
layer of OS5a-2 films weathered for 5 years at Sylt, 
in Duisburg, and the laboratory (ibac). 
In the dry materials (23°C and 50% relative humid-
ity) no material changes could be detected. But after 
soaking the films in water to complete water satura-
tion differences in the films could be detetcted by 
their different water absorption properties.
Figure 9. Cross-section of OS11-3.
Figure 10. Proton density as function of the depth through 
OS11-3 (10 μm resolution, PUR: Polyurethane).
0 500 1000 2500 3000 3500 4000 4500 5000
0,0
0,5
1,0
4
5
Inner layer: PUR
Inner layer:
PUR with sand
Amplitude
Depth in µm
 OS11-3
Top
layer
Figure 11. T
2
 decay curves for OS11-3.
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Figure 12. T
2
 decay curves for OS5a-4 showing water 
ingress after 10 hours in water at 23°C.
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5 CONCLUSION AND OUTLOOK
The reported analysis of aging of surface protection 
systems due to weathering is part of a research project 
(project partners: German Polymer Institute (DKI), 
Instiute of Technical and Macromolecular Chemistry 
(ITMC) and Institute of Building Materials Research 
(ibac)) where different test methods are used to char-
acterize weathered concrete-coatings for comparison 
with data obtained by the NMR-MOUSE. The cur-
rent results demonstrate that the NMR-MOUSE is a 
promising tool for non destructive testing of coatings 
on concrete. The thickness of the coating and its con-
stituting layers can be measured. Furthermore, water 
ingress through the surface protection system can be 
detected as well as changes of the material due to 
weathering.
The currently employed lift of the NMR-MOUSE 
is designed for indoor measurements on specimens. 
Future measurements with the NMR-MOUSE will 
be conducted on buildings outside. For routine 
applications, the influence of temperature and steel 
reinforcement in the concrete structure on the NMR 
signals has to be determined. Actually we plan to 
build a robot carrying the sensor that moves in x, y, 
and z-directions as we believe, that use of the NMR 
technology will result in a powerful new test method 
for on-site measurements.
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